Results demonstrated protective efficiency of red radish seeds and roots against paracetamol mediated hepatotoxicity. This is a promising result for preparation of new drugs against hepatotoxicity.
Introduction
Liver is one of the most vital organs in the body. It is important for maintenance of gastrointestinal homeostasis and body functions. Also, it performs a major role not only in the metabolisms of carbohydrates, proteins and lipids but also in detoxification of xenobiotics (1) . So, the maintenance of a healthy liver is crucial for the overall health of an individual but unfortunately there are various environmental and chemical agents such as chemotherapeutic agents and certain antibiotics which cause injury of the liver cells or hepatotoxicity (2) . Although the use of acetaminophen or paracetamol is widespread as antipyretic drug but it is considered to be one of the causes of hepatotoxicity which may further develop into liver failure when overdose used (3) . During the metabolism of paracetamol via glucuronidation and sulfation reactions, water-soluble metabolites are produced then excreted by the kidney. Paracetamol is converted by the microsomal P-450 enzyme system to N-acetyl-p-benzoquinone imine (NAPQI) which is then reduced by glutathione (4) . But, the overdose of paracetamol leads to over production of NAPQI and depletion of glutathione, then the excess NAPQI can bind to hepatic cell protein and DNA which causes mitochondrial dysfunction and development of acute hepatic necrosis (5) . Due to the increasing use of such substances which cause hepatotoxicity with the lack of effective medications for hepatotoxicity, there is a need to find new and safer treatments especially natural one (6) .
Red radish (Raphanus sativus L.) is one of the popular vegetables which belongs to the Brassicaceae family. Sprouted seeds and roots of radish are usually eaten raw. Seeds, roots and leaves of red radish are used in salads and as pickles, also for medicinal purposes (7) . The phytochemicals content of radish makes it a good alternative treatment for various health problems such as hyperlipidemia, coronary heart diseases and cancer (8) as well as diabetes (7, 9) . Radish also exhibited antimicrobial effects (10) and nephroprotective impact (11) . Flavonoids especially anthocyanins are the most common phytochemicals in the red radish (12) . Radish seeds contain flavonoids, steroids, anthraquinoin, alkaloids as well as terpenoids (13) , as well as high amounts of calcium, magnesium, potassium, copper, ascorbic acid, vitamin B 6 , folic acid and riboflavin. Due to the high radish contents of the bioactive molecules and from the standpoint of finding natural agents able to protect the liver from the toxicity, the aim of the present study was to evaluate the protection efficiency of crude ethanol extracts of red radish seeds and roots against paracetamol mediated hepatotoxicity in rats.
Materials and Methods

Animals
Male Wistar rats (weighing 148.83 ± 12.92 g as mean ± SD) were obtained from the animal house of National Research Centre, Cairo, Egypt. The animals were housed individually in stainless steel cages at room temperature with free access to food and water during the experiment.
Diets
Balanced diet was prepared to contain 10% protein supplemented from casein, 10% corn oil, 23.5% sucrose, 47% maize starch, 5% fiber and 3.5% salt mixture provided by the AIN-93 formulation (15) and 1% vitamin mixture provided by the AIN-93 formulation (15) .
Preparation of crude ethanol extracts of red radish seeds and roots. Red radish roots were washed, sliced into thin slices then sundried. Dried red radish seeds and roots were powdered and separately extracted with ethanol (95%) in a continuous extraction apparatus (Soxhlet) until exhaustion for preparation of crude ethanol extracts. The solvent was completely removed by evaporation under reduced pressure at a temperature not exceeding 40°C. Crude ethanol extracts of radish dried seeds and roots were kept in deep-freeze till used.
Determination of total phenolics
Total phenolics were determined colorimetrically in the crude ethanol extracts of red radish seeds and roots using Folin-Ciocalteu reagent (16) . Absorbance was measured at 765 nm using UVPC spectrophotometer. The total phenolic content was expressed as gallic acid equivalents (GAE) in mg/g extract. The results were expressed as mean ± standard error (SE).
Design of the animal experiment After 1 week of adaptation the animals were divided into four groups (n = 6, each). Group I (normal group) was served as control group. Group II (paracetamol group) was kept untreated for 3 weeks then administered orally after 24 hours fasting with single dose of 2 g paracetamol/ kg rat body weight suspended in distilled water. The animals of group III (paracetamol + radish seeds group) were administered orally with crude ethanol extract of radish seeds (300 mg/kg/d) for three weeks then paracetamol using the same mentioned dose, while the animals of group IV (paracetamol + radish roots group) were administered orally with crude extract of radish roots (300 mg/kg/d) for three weeks then paracetamol using the same mentioned dose. All rats were fed on balanced diet all over the study period. During the experiment, body weight and food intake were recorded weekly. At the end of the study total food intake, body weight gain and feed efficiency ratio were calculated. Forty-eight hours after paracetamol administration, the rats were anesthetized using ether and the blood was withdrawn from all rats after an overnight fast. Rats were dissected and liver was immediately separated from each rat and weighed then part of each liver was immersed in 10% formaldehyde solution for histological examination while the other part was immediately analyzed for malondialdehyde (MDA) as indicator of lipid peroxidation according to Ohkawa et al (17) and nitric oxide (NO) according to (18) . Serum was analyzed for the activities of aspartate transaminase (AST) and alanine transaminase (ALT) according to Reitman and Frankel (19) , total and direct bilirubin according to (20) as well as alkaline phosphatase (ALP) according to Bessey et al (21) and gama-GT (γ-GT) according to Szasz (22) .
Statistical analysis Statistical analysis was done using SPSS version 22.
The results were expressed as mean ± SE and analyzed statistically using one-way analysis of variance (ANOVA) followed by Duncan test. The statistical significance of difference was taken as P ≤ 0.05.
Results
Total phenolic content of crude ethanol extracts of red radish seeds and roots were observed as 57.3 ± 0.523 and 73.3 ± 4.112 mg GAE/g extract, respectively.
Liver functions and oxidative markers of liver tissue
Concerning the liver enzymes (AST, ALT, ALP and γ-GT) as well as total and direct bilirubin, data tabulated in Table  1 , showing that administration of paracetamol induced significant (P ≤ 0.05) elevation in all liver enzymes (AST, ALT, ALP and γ-GT) as well as total and direct bilirubin.
On the other hand, these elevations of liver parameters were suppressed via the orally administration either of radish seeds extract or radish roots extract. On the same approach, rats that were treated with paracetamol only exhibited significant (P ≤ 0.05) rising in both MDA and nitric oxide levels (as oxidative markers) when compared to the normal rats. While, rats that were treated in advance with either radish seeds extract or radish roots extract recorded MDA and nitric oxide levels lower than those of rats that treated with paracetamol only.
Growth performance parameters
The growth performance parameters (body weight gain, total food intake, feed efficiency ratio, liver weight and relative liver weight) of normal rats, rats that were treated on 22nd day with paracetamol only and rats that treated in advance with either radish seeds extract or radish roots extract were summarized in Table 2 . It was noticed that there were not significant (P > 0.05) differences in the final body weight and the total food intake between the mentioned groups. The liver weight and relative liver weight of the rats treated with paracetamol were higher than those of normal rats.
Histopathological examination
Liver of normal control group ( Figure 1A) showed normal hepatic parenchyma, normal hepatic cords and blood sinusoids (H&E, x400) (Lesion score: 0). Liver of paracetamol control group ( Figure 1B) showed vacuolated hepatocytes (arrows) together with portal tract changes also congestion in the hepatoportal blood vessel (arrow head) (H&E, x400), (Lesion score: +++). Liver of paracetamol group ( Figure 1C ) showed multiple focal areas of hepatic necrosis infiltrated with mononuclear cells (arrows) together with hemorrhagic areas (arrow head) (H&E, x400) (Lesion score: +++). Liver of rats given ethanol extract of red radish seeds and paracetamol ( Figure 1D ) showed improved hepatic parenchyma with minimal changes in the portal tract and few mononuclear cells infiltrations (arrow) (H&E, x400), (Lesion score: +). Also livers of the rats given ethanol extract of red radish seeds and paracetamol showed improved hepatic AST: aspartate transaminase; ALT: alanine transaminase; ALP: alkaline phosphatase; γ-GT: Gama-GT; MDA: malondialdehyde. In each row, same letters mean non-significant difference; different letters mean the significance among the tested groups. The confidence level is 95%. In each row, same letters mean non-significant difference; different letters mean the significance among the tested groups. The confidence level is 95%.
parenchyma ( Figure 1E ) with low hepatic necrosis (H&E, x400) (Lesion score: +). Liver of rats given ethanol extract of red radish root and paracetamol ( Figure 1F ) showed improved hepatic parenchyma with minimal changes in the portal tract and congested hepatoportal blood vessels (arrow) (H&E, x400) (Lesion score: ++). Also, liver of the rats given ethanol extract of red radish root and paracetamol ( Figure 1G ) showed improved hepatic parenchyma with minimal leucocytic cells infiltration (arrow), (H&E, x400). (Lesion score: ++).
Discussion
Liver is susceptible to damage by several drugs and other xenobiotics which are metabolized by liver. Xenobiotics concentrate in the blood and reach to liver from the gastrointestinal and spleen through the portal veins. These drugs and xenobiotics turn to other metabolites which react with the cellular macromolecules (proteins, lipids, and nucleic acids) resulting in liver injury by oxidative stress, protein dysfunction, lipid peroxidation and damage of DNA (2) . Paracetamol is one of the most common painkillers which cause hepatotoxicity via its metabolites when used at overdose. NAPQI, the metabolite of paracetamol is responsible for cellular damage which leads to changes in the cell permeability and loss of cellular integrity (23) . Also an inhibition in NADH and succinate dehydrogenase function is caused by NAPQI. Disturbance in the homeostasis results in accumulation of intracellular Ca 2+ and elevation of catabolic enzymes which causes cell death. In such case, reactive oxygen species, nitric oxide, peroxinitrite derivatives, lipid peroxidation and protein nitrates have roles in hepatotoxicity (24) . Several studies demonstrated that paracetamol mediated oxidative damage and hepatotoxicity in rats and mice, resulting in enhancement of the liver parameters (25) (26) (27) . In the present study oral administration of a single dose of 2 g paracetamol/kg body wt on the 22nd day induced oxidative stress and toxicity in the liver. The evidence for this was the increase in the activities of liver enzymes as well as the levels of MDA and NO in rats treated with paracetamol. Achliya et al (28) declared that the damage of parenchymal hepatic cells and the membranes results in releasing of the liver enzymes into the serum.
In the present study crude ethanol extracts of red radish seeds and roots were rich in phenolic compounds. The present results are in agreement with the results of Syed et al (29) who reported that phenolic content of radish ethanol extract was 70.1 GAE/g of extract. Due to radish content of the bioactive compounds that have antioxidant activity, it has been postulated that radish has a positive role in protecting the liver from oxidative damage and hepatotoxicity. Indeed, the results of the present study revealed that the pretreatment with crude ethanol extract of either seeds or roots of red radish suppressed the elevations in liver functions, MDA and NO. This hepatoprotective efficiency of radish seeds and roots may be due to the presence of some compounds such as allyl isothiocyanate (30) . Allyl isothiocyanate has been shown to protect the liver from the toxicity caused by carbon tetrachloride. Also Syed et al (29) reported that radish contains quercetin, polyphenols and anthocyanins by which radish can ameliorate the elevations in MDA and NO, reduce the oxidation through increasing the activities of antioxidant enzymes (glutathione S-transferase and superoxide dismutase) and suppress the stimulants of oxidation (nitric oxide synthase, cyclooxygenase 2, lipoxygenase 2 and xanthine oxidase). Adeneye and Olagunju (31) and Modo et al (32) disclosed that vitamin C showed protective role against paracetamol mediated hepatotoxicity. In addition, Cristani et al (33) and Aswathy and Murugan (34) reported that anthocyanins exhibited hepatoprotective impact. So, the hepatoprotective efficiency of radish may be also attributed to its content of vitamin c and anthocyanins, both of which have antioxidant activities
Conclusion
Results of the present study illustrated that crude extracts of either seeds or roots of red radish at 300 mg/kg/d dose exhibited protection efficiency against paracetamol mediated oxidative damage and hepatotoxicity. Therefore, it might be beneficial to incorporate seeds and roots of red radish in the daily diets to protect the liver from the oxidative damage and hepatotoxicity caused by the excessive use of painkillers.
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